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MOBILITY  ANALYSIS  OF  IFV  TASK  FORCE  ALTERNATIVES 


I.  INTRODUCTION 

This  report  contains  the  results  of  an  evaluation  of  the  mobility 
of  several  concepts  for  an  Infantry  Fighting  Vehicle  (IFV) . These  concepts 
were  developed  by  the  US  Amy  Tank  Automotive  Research  and  Development 
Command  (TARADCOM)  for  the  IFV  TASK  FORCE. 

The  evaluation  examines  mobility  on  the  strategic,  operational  and 
tactical  levels  and  provides  a comparison  of  the  concept  vehicles'  per- 
formance with  several  other  tracked  vehicles.  This  evaluation  effort 
was  conducted  at  the  request  of  the  IFV  TASK  FORCE. 

II.  VEHICLE  CHARACTERISTICS 

The  IFV  concepts  considered  in  this  evaluation  are  listed  in  Table 
1.  The  detailed  data  used  for  mobility  modeling  of  these  concept  vehicles 
are  listed  in  Appendix  A.  Because  of  a lack  of  adequate  test  data  to 
estimate  the  performance  provided  by  the  planned  improvements  to  the 
MICV,  XM723  DT-II  suspension,  its  performance,  as  noted  in  Table  1,  was 
simulated  by  assuming  a ride  limited  speed  equal  to  that  achieved  with 
the  current  XM1  suspension.  Figure  1 places  XM1  suspension  performance 
in  perspective  with  regard  to  the  performance  obtained  by  the  MICV, 

XM723,  in  DT-II  testing  (prior  to  improvement).  It  should  be  noted  that 
the  existing  test  results  for  an  improved  MICV  suspension  v ’ do  demo- 
strate  a high  performance  capability,  but  also  indicate  serious  durability 
problems  for  suspension  components,  in  particular  the  shock  absorbers. 

Table  2 provides  a further  general  comparison  of  the  IFV  TASK  FORCE 
vehicles  and  the  comparison  tracked  vehicles  on  the  basis  of  general 
mobility  characteristics. 


(*) 


Numbers  denote  references  listed  on  page  49  of  this  report. 
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Table  1 IFV  Task  Force  Vehicles 
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Liait  - 6 Matts  of  Average  Vertical 
Absorbed  Power  at  Driver's  Station. 


Surface  Roughness,  Root  Mean  Square,  Inches 
Figure  1 . Ride  Performance  Comparison 


Table  2 Mobility  Characteristics  of  Vehicles 


W PSVA-'",S'" 


III, 


Methodologies 

A.  The  Army  Mobility  Model 

This  model  considers  vehicle  performance  in  both  areal  and 


linear  type  terrain  features.  The  areal  mobility  prediction  part  of  the 
C2) 


Army  Mobility  Model  (which  is  the  only  portion  used  in  the  IFV  evalua- 
tion) is  shown  schematically  in  Figure  2.  The  fundamental  operation  of 
this  model  is  as  follows.  Detailed  areal  terrain  data  are  collected 
from  existing  terrain  data  sources  such  as  topographical  maps,  air 
photos,  terrain  studies,  agricultural  data,  and  soil  maps.  Where  possible 
these  data  sources  are  supplemented  by  actual  field  surveys.  All  these 
data  sources  are  then  used  to  develop  a series  of  individual  maps  of 
the  area  being  considered  for  each  of  the  terrain  factors  shown  in 
Figure  2. 

The  terrain  input  processor  accepts  these  maps  and  overlays 
them  to  define  areas  in  which  the  terrain  is  homogeneous  with  respect 
to  all  of  the  terrain  factors  simultaneously.  The  result  of  this  pro- 
cess is  an  areal  terrain  unit  map  as  shown,  where  unit  number  98  might 
reflect  an  area  where  the  slopes  are  always  between  5 and  10  percent 
and  the  soil  strength  in  the  wet  season  is  always  between  40  and  60 
remolded  cone  index,  etc.  Associated  with  each  map  unit  number  is  a 
range  of  values  for  each  of  the  13  terrain  factors.  For  example  areal 
terrain  unit  number  14  may  have  the  following  detail  factor  value 
listing:  1539435113154332113. 

Where  the  detail  factor  values  are  as  follows: 


Factor 

Value 


Description 


1. 

1 

Soil  type  fine  grain 

2. 

5 

Soil  strength  (wet)  61  to  100  remolded 
(RCI) 

3. 

3 

Slope  5.1%  to  10% 

4. 

9 

Obstacle  approach  angle  149.1°  to  158° 

5. 

4 

Obstacle  vertical  height  36  to  45  cm 

6. 

3 

Obstacle  base  width  61  to  90  cm 

{' 


, ... 


POWER 

TRACTION 

SUSPENSION 

PHYSICAL  SIZE  5 CONFIGURATION 

BRAKING 

MANEUVERING 

DRIVER  TOLERANCE 


Figure  2 The  Army  Mobility  Model  (Areal  Mobility  Prediction) 


7. 

5 

Obstacle  length  3.1  to  6.0  m 

8. 

1 

Obstacle  spacing  bare  60ra 

9. 

1 

Obstacle  spacing  type  random 

10. 

11. /12. 

3 

Surface  roughness  2.6  to  3.5  RMS  in. 

Spacing  of  vegetation  stems  equal  to  or  greater 

than 


1 

0 cm  dia. 

bare  ( > 100m) 

5 

2.5  cm  dia. 

5.6  .-  8m 

4 

6.0  cm  did. 

8.1  - 11m 

3 

10.0  cm  dia. 

11.1  - 20m 

3 

14.0  cm  dia. 

11.1  - 20m 

2 

18.0  cm  dia. 

> 20m 

1 

22.0  cm  dia. 

Bare  (>  100m) 

1 

25.0  cm  dia. 

Bare  (> 100m) 

3 

Visibility  range 

12.1  - 24m 

Areal  terrain  unit  maps  for  use  with  the  areal  model  are 
developed  by  .the  US  Army  Engineer  Waterways  Experiment  Station  (WES) . 
The  locations  of  the  areas  selected  for  use  in  the  IFV  evaluation  are 
shown  in  Figure  3.  The  combined  areas  in  West  Germany  consist  of 
approximately  59  square  kilometers  and  235  areal  terrain  units.  The 
Jordan  area  consists  of  approximately  155  square  kilometers  and  221 
areal  terrain  units.  Both  of  these  areas  have  been  used  by  AMSAA  in 
previous  mobility  evaluations  for  other  combat  vehicles.  Analysis  of 
these  two  areas  shows  the  distributions  listed  in  Table  3.  As  shown, 
each  area  provides  different  combinations  and  magnitudes  of  terrain 
characteristics  that  will  affect  vehicle  performance  in  different 
manners . 

The  model  requires  a maximum  of  seventy-six  vehicle  character- 
istic inputs.  These  range  from  vehicle  size  and  weight  to  details  of 
its  power  train  and  suspension  components.  With  these  data  the  various 
mathematical  submodels  of  the  overall  model  predict  vehicle  performance 
in  the  terrain  factor  values  established  for  each  map  unit.  The  data 
used  for  the  IFV  concepts  examined  in  this  evaluation  are  listed  in 
Appendix  A. 

_ 

*The  1971  edition  of  the  model  was  used  in  this  evaluation. 
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WEST  GERMANY 


AREA  NUMBERS  REFER  TO  ARSV  COEA. 


Table  3 Distribution  of  Terrain  Factors 
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Submodels  consider  vehicle  performance  in  the  following  manner: 


Terrain  Factors  Considered 

Soil  type  — 1 

Soil  strength 
Slope  — 

Terrain  roughness  ~i" 
Obstacles  — ■■ 

Vegetation  --  ■■■ 


Vehicle  Performance  Predicted 

Tractive  and  resistance 
force  throughout  speed  range. 


Ride  limited  speed. 

Hangup,  traction,  dynamic  loading, 
acceleration  and  braking  between 
obstacles. 

Traction  for  overriding,  and 
vehicle  size  for  maneuvering 
between  trees.  Driver  visibility. 


For  a given  area/map  unit  the  speed  results  of  each  of  these 
submodels  are  compared  for  uphill,  downhill,  and  level  slope  conditions; 
the  limiting  Value  is  selected  for  each  condition,  and  the  three  limiting 
values  are  averaged  to  provide  the  vehicle's  estimated  best  speed  in 
that  map  unit.  In  considering  the  vegetation  factor  the  model  examines 
various  strategies  of  maneuvering  around  certain  size  trees  and  over- 
riding others  to  obtain  the  best  vehicle  speed.  Such  terrain  factors 
as  soil  strength  and  slope  naturally  interact  with  others  so  are  con- 
sidered simultaneously.  For  example,  a vehicle  on  a soft  soil  slope 
will  have  less  tractive  force  available  to  climb  an  obstacle  or  override 
a tree  than  it  would  on  a level  hard  surface  because  some  of  its  tractive 
force  capability  is  used  in  overcoming  the  soft  soil  motion  resistance 
and  the  grade  resistance.  The  basic  speed  output  of  the  model  can  be 
used  to  develop  a speed  map  as  shown  in  Figure  2. 


r 


' 


B.  Speed  Model 

This  model  is  a portion  of  the  Vehicle/Road  Compatibility 

(3) 

Analysis  and  Modification  System  (VRCAMS) . It  was  used  in  this 
evaluation  to  assess  the  on-road  capability  of  the  IFV  and  comparison 
vehicles.  The  model  is  similar  in  concept  to  the  Army  Mobility  Model 
discussed  previously.  The  factors  involved  in  the  road  unit  charac- 
terization, the  generalized  vehicle  parameters,  and  the  model  output 
are  shown  in  Figure  4.  Road  nets  have  been  described  by  the  US  Army 
Engineer  Waterways  Experiment  Station  for  West  Germany,  Thailand  and 
Yuma.  These  descriptions  have  been  used  as  input  to  generate  average 
speeds  by  road  class  for  the  vehicles  of  interest.  Three  classes  of 

road  are  identified  and  are  defined  as  follows: 

Class  1 - Primary:  Surfaced  all  weather  roads,  two  lanes  or  more. 

Class  2 - Secondary:  The  balance  of  all  weather  roads,  generally 

unpaved  but  improved,  plus  paved  roads  less  than  two  lanes  wide. 

Class  3 - Trails:  UnimpfOVCd  *hd  fair  weather  roads  and  trails 

of  at  least  one  vehicle  width. 

The  terrain  factors  assigned  to  these  classes  of  roads  are 

shown  in  Table  4. 


The  total 

length  of  each  type  of  road  used 

in  this  evaluation 

1 

were  the  following: 

Class  1 

Class  2 

Class  3 

Paved 

Secondary 

Trails 

West  Germany 

104  miles 

82  miles 

589  miles 

Yuma 

84 

87 

204 

Thailand 

70 

67 

277 

TOTAL 

258 

236 

1070 

C.  AMSAA  Acceleration  Model 

This  model  is  based  on  an  earlier  acceleration  routine  de- 


veloped at  TARADCOM.  It  computes  acceleration  for  both  wheeled  and 
tracked  vehicles  on  fine  grain  and  coarse  grain  soil,  and  on  paved  or 
secondary  roads,  and  includes  the  resistance  due  to  surface  conditions 
and  grade.  The  model  contains  empirical  expressions  for  the  power  lost 
in  accelerating  the  rotating  parts  in  the  vehicle  drive  train  as  well 
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ROAD  UNIT  FILE 
ROAD  TYPE 
UNIT  LENGTH 
SURFACE  STRENGTH 
SURFACE  ROUGHNESS 
GRADE 
CURVATURE 
SUPERELEVATION 


VEHICLE  DATA 

GEOMETRIC 

CHARACTERISTICS 

INERTIAL 

CHARACTERISTICS 

MECHANICAL 

CHARACTERISTICS 


SELECT  ROUTE  CON- 
SISTING OF  ROAD 
UNITS  WITH  TOTAL 
r-zz*.  LENGTH  EQUAL  TO 
Z UNIT  LENGTHS. 


ON 

ROAD 

-C>f  MOBILITY 
PREDICTION 
MODEL 


EACH  ROAD  UNIT 
SPEED 
TIME 

DISTANCE 
COMPLETE  ROUTE 
TOTAL  TIME 
TOTAL  DISTANCE 
AVERAGE  SPEED 


I 

I 

CONSIDERATIONS 

POWER 

TRACTION 

RIDE 

STABILITY  (SLIDING  AND  TIPPING) 

Figure  4 ON-Road  Mobility  Prediction  Model 


as  for  the  air  resistance  encountered.  The  model  output  is  velocity  and 
distance  as  a function  of  time. 

IV.  RESULTS 

A.  Strategic  Mobility 

Strategic  mobility  as  considered  in  this  evaluation  is  defined 
as  the  ease  of  transport  of  the  vehicle  to  its  operational  areas.  The 
ease  of  transport  of  the  IFV  concepts  is  primarily  a function  of  their 
overall  dimensions  and  weights.  In  general,  strategic  mobility  in- 
volves either  movement  by  truck,  ship,  train  or  aircraft  over  long 
distances . 

The  current  requirements  for  the  MICV  dictate  transport  over 
US  and  foreign  railways  without  requiring  disassembly.  Reference  4, 
Figure  2-2,  page  2-7  and  Figure  2-3,  page  2-8  gives  dimensioned  outline 
diagrams  for  railway  lading  clearances.  These  clearances  are  determined 
by  tunnels,  platforms,  electric  and  telephone  poles,  bridges  and  wayside 
structures . 

For  the  US  railroads  a maximum  width  of  128  inches  is  available 
up  to  a height  of  115  inches  above  the  car  floor.  Foreign  railroads 
provide  a maximum  clearances  of  124  inches  for  a height  up  to  74  inches. 
As  shown  in  Table  5,  except  for  IFV  #1  and  #1A,  the  e .isting  XM723  IFV 
chassis,  all  concepts  have  widths  that  exceed  the  maximum  allowable 
widths  for  both  US  and  foreign  railroad  operations.  The  IFV  #1  and  #1A 
however,  will  fit  within  these  clearances  with  the  reduced  width  shown 
in  Table  5.  When  using  the  width  dictated  by  the  no  disassembly  require- 
ment, these  two  vehicles  can  be  transported  on  US  railways  with  a 1/8" 
clearance  and  are  not  transportable  on  foreign  railways  due  to  a 1-7/8" 
interference . 

For  road  transport  on  the  M747  HET  trailer  all  IFV  concepts, 
except  IFV  #1  and  #1A,  have  reducible  widths  greater  than  the  120-inch 
trailer  platform  width.  All  vehicles  have  widths  equal  or  less  than 
trailer  overall  width  of  137  inches  as  determined  by  the  outside  of  the 
trailer  tires.  The  HET  trailer  loading  platform  length  of  317  inches 
will  allow  for  transport  of  only  one  concept  vehicle  at  a time,  however, 
the  transport  weight  of  IFV  #2  exceeds  the  rated  payload  of  the  trailer 
by  4 tons.  This  overload  may  adversely  affect  the  durability  of  the 
trailer  tires  and  suspension  components. 
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Table  5 Transportability  Data 
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The  air  transportability  of  the  IFV  concept  vehicles  was 
examined  based  upon  the  requirements  established  for  the  XM723.  As 
stated  in  section  3.2.9  of  Reference  5,  the  vehicle  shall  be  transportable 
in  both  the  C-141A  and  C-5A  type  aircraft.  To  determine  whether  the  re- 
quirements were  met,  the  three  following  criteria  were  considered. 

1.  The  aircraft  design  payload  capability. 

2.  The  aircraft  cargo  compartment  dimensions. 

3.  The  structural  capacity  of  the  aircraft  cargo  compartment 

floor. 


The  cargo  compartment  of  the  C-141A  is  123  inches  wide  and  109 
inches  high  with  a design  payload  capability  of  68,000  pounds  based  on 
maximum  zero  fuel  weight.  Referring  to  Table  5,  the  transport  weights 
of  IFV  #2,  IFV  #3,  IFV  #4,  and  IFV  #6  exceed  the  payload  capability  and 
IFV  #5  is  too  wide.  IFV  #1  and  IFV  #1A,  the  existing  XM723  IFV  chassis, 
were  investigated  further  to  determine  their  transportability  in  the 
C-141A.  Using  Figure  4-8,  Reference  6,  the  maximum  allowable  floor 
contact  pressure  on  the  treadways  is  50  psi  and  from  Table  5 the  contact 
pressure  of  these  vehicles  is  130.6  psi.  This  dictates  the  use  of 
shoring  to  further  distribute  the  weight.  Referring  to  Figure  4-12, 
Reference  6,  the  required  shoring  thickness  is  1.84  inches.  Using  the 
next  size  stock  lumber,  a 3- inch  nominal  thickness  plank  is  required 
to  produce  a dressed  thickness  of  2-5/8  inches.  When  this  is  added  to 
the  vehicle  height  of  107  inches,  see  Table  5,  the  total  vehicle  height 
exceeds  the  cargo  compartment  height  of  the  aircraft. 

The  cargo  compartment  of  the  C-5A  aircraft  is  228  inches  wide 
and  162  inches  high  with  a design  payload  capability  of  208,000  pounds 
based  on  maximum  zero  fuel  weight.  Again  referring  to  Table  5,  all  of 
the  concept  vehicles  comply  with  the  three  criteria  examined  with  the 
addition  of  shoring  to  increase  the  load  distribution  area  on  the  aircraft 
floor.  Taking  into  account  only  the  design  payload  of  the  aircraft  as 
opposed  to  vehicle  weight,  it  was  determined  that  IFV  #2,  IFV  #3,  IFV  #4, 
and  IFV  #6  will  be  limited  to  one  vehicle  per  aircraft.  Table  6 pro- 
vides a summary  of  the  transportability  analysis  results. 
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Table  6 Summary  of  Transportability  Analysis 


B.  Operational  Mobility 


The  evaluation  here  is  directed  toward  mobility  performance 
areas  associated  with  movement  within  the  operational  areas  and  forward 
to  the  point  of  engagement  or  line  of  deployment.  Movement  can  be 
characterized  as  being  over  reasonably  long  distances  with  good  oppor- 
tunity for  choice  in  selecting  the  more  trafficable  terrain. 

On-road  speed  performance  of  the  IFV  concepts  and  the  compari- 
son vehicles  will  be  considered  first.  Table  7 lists  the  output  of  the 
Speed  Model,  by  road  type,  for  sample  road  nets  in  West  Germany,  Yuma  and 
Thailand.  These. predicted  vehicle  speeds  represent  maximum  vehicle 
capability  over  the  road  types  and  lengths  specified  for  each  area. 

The  term  ’’average  speed"  means  that  maximum  speeds  over  the  variety 
of  road  conditions  occurring  in  each  type  of  road  have  been  averaged. 
Furthermore,  these  speeds  depict  the  movement  of  a single  vehicle  and 
involve  none  of  the  constraints  of  convoy  or  unit  movement. 

As  Would  be  expected  all  the  IFV  concepts  show  faster  speeds 
than  either  the  M113A1  or  M60A1  vehicles.  The  use  of  an  XM1  type 
suspension  in  the  existing  XM723,  IFV  #1,  indicates  some  speed  improve- 
ment on  secondary  roads  and  trails  as  indicated  by  results  shown  for 
IFV  #1  versus  IFV  #1A. 

Among  the  IFV  concepts  employing  the  XM1  power  train  and 
suspension,  IFV  #5,  the  lightest  weight  concept,  is  predicted  to  have 
the  best  speed  performance.  All  IFV  concepts,  IFV  #2  thru  IFV  #6, 
have  predicted  speed  capabilities  near  or  slightly  exceeding  those  of 
the  XM1  tank  and  greater  than  those  of  the  current  M60A1  main  battle 
tank.  Even  the  existing  IFV,  the  XM723  (IFV  #1A),  exceeds  the  M60A1  in 
predicted  speed  performance. 

The  final  examination  in  the  area  of  operational  mobility  is 
the  cumulative  average  speed  profile  generated  using  the  Army 
Mobility  Model.  Comparisons  of  these  results  are  shown  in  Figures  5 through 
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Table  7 Predicted  Road  Performance 
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Figure  8.  Vehicle  ferformance  in  Jordan 


10  for  the  two  previously  discussed  terrain  areas  in  Jordan  and 
West  Germany  during  wet  season  conditions.  These  profiles  are  generated 
by  first  ordering  the  terrain  units  in  an  area  according  to  trafficabi- 
lity,  with  the  terrain  units  in  which  the  vehicle  attains  the  greatest 
speed  considered  first.  By  cumulating  the  areas  of  the  terrain  units 
in  trafficability  order,  and  keeping  a running  average  of  the  vehicle 
speed  as  each  unit  is  added,  the  profiles  shown  are  generated. 

For  example,  from  Figure  5 it  can  be  determined  that  IFV  #1 
can  average  25  mph  over  the  30  percent  most  trafficable  West  Germany 
terrain  while  the  M113A1  can  only  average  18.0  mph.  For  the  Jordan 
terrain.  Figure  8,  over  the  most  trafficable  30  percent  the  IFV  #1  can 
average  29.0  mph  while  the  M113A1  can  only  average  19.0  mph.  Table  8 
lists  the  average  speeds  predicted  for  each  vehicle  for  the  most  traffi- 
cable 50  and  90  percent  of  each  area.  These  two  speeds  and  the  percent 
of  the  area  that  is  no-go  are  the  parameters  commonly  used  to  evaluate 
vehicle  mobility  performance. 

The  results  shown  for  IFV  #1  and  #1A  indicate  the  advantage  of 
an  improved  suspension  of  the  XM1  type  on  the  existing  XM723  IFV.  Use 
of  this  suspension  shows  greatest  benefit  in  speed  performance  in  the 
Jordan  area  because  the  terrain  is  rougher  than  that  found  in  the  West 
Germany  area.  Among  the  other  IFV  concepts  IFV  #5  shows  the  best 
average  speed  performance  because  of  its  lighter  weight  and  use  of  XM1 
power  train  and  suspension  components.  In  comparison  to  the  main  battle 
tanks  all  IFV  concepts  have  speed  capabilities  greater  than  the  M60A1 
and  nearly  equal  to  the  speeds  predicted  for  the  XM1. 

C . Tactical  Mobility 

The  capacity  for  movement  on  the  battlefield  is  defined  as 
tactical  mobility.  This  type  of  movement  is  characterized  as  involving 
short  distances,  frequently  accelerating  from  a halt,  with  poor  oppor- 
tunity for  selection  of  the  most  trafficable  terrain. 
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The  first  measure  of  tactical  mobility  addressed  is  off-road 
acceleration.  The  significance  of  this  capability  on  the  battlefield 
is  that  it  provides  for  crossing  gaps  between  cover  positions  in  mini- 
mum time  and  for  recovering  speed  quickly  after  impediments  are  crossed. 
Consequently,  the  AMSAA  acceleration  model  was  employed  to  examine  vehicle 
acceleration  performance  in  combinations  of  the  soil  strength  and  slope 
conditions  occurring  in  the  West  Germany  area.  Figures  11  through  16 
show  typical  velocity  versus  distance  results.  Table  9 summarizes  the 
acceleration  performance  predicted  for  a range  of  fine  grain  soil 
strength  and  slope  conditions. 

The  soil  strength  condition  of  130  RCI  represents  the  firmest 
soil  condition  while  the  condition  of  36  RCI  represents  the  weakest 
soil  strength  conditions  in  the  West  Germany  area.  Figures  11  and  12 
depict  the  predicted  acceleration  performance  in  the  firmest  soil  and 
slope  conditions  of  0 and  15  percent  for  IFV  concepts  #2  and  #5  which 
represent  the  heaviest  and  lightest  weight  IFV  concept  vehicles  employing 
the  XM1  power  .train.  As  shown  in  Table  8 , IFV  #2,  with  a HP/TON  ratio 
of  23.1,  requires  7.8  seconds  to  reach  20  mph  while  IFV  #5,  with  a HP/TON 
ratio  of  45.7,  requires  3.7  seconds  to  reach  the  same  speed.  In  the 
weaker  soil  strength  condition,  shown  in  Figure  13  IFV  #5  requires  4.3 
seconds  to  reach  20  mph  while  IFV  #2  reaches  a maximum  speed  of  only 
14.3  mph.  Figures  12  and  14  show  similar  predicted  performance  for 
both  vehicles  operating  in  these  same  soil  strength  conditions  with  a 
15%  slope. 

Table  9 shows  the  predicted  times  and  resulting  speeds  for  each 
vehicle  to  accelerate  from  a standing  start  and  travel  distances  of  100 
or  200  meters.  As  expected  the  light  weight,  high  HP/TON  ratio  IFV  #5 
is  predicted  to  have  the  minimum  times. 

Another  vehicle  performance  measure  examined  for  tactical  mobility 
was  vehicle  maximum  speed  performance  on  fine  grain  soil  slopes.  These 
results,  shown  in  Table  10,  also  show  the  advantage  of  low  vehicle  gross  wei 
and  high  values  of  engine  horsepower.  IFV  #5  is  predicted  to  have  the  best 
performance  and  in  many  conditions  exceeds  the  performance  of  the  XM1. 


Figure  12.  Acceleration  on  130  RCI  fine  Grain  Soil  an 


36  RCI 


Table  9 Predicted  Vehicle  Acceleration  Performance 
in  Fine  Grain  Soil*  (Cont'd) 
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Based  on  vehicle  standing  start. 


Table  10  Predicted  Vehicle  Speeds  on  Fine  Grain  Soil  Slopes 


The  final  and  most  comprehensive  performance  measure  examined 
to  evaluato  tactical  mobility  is  actual  cross-country  speed  capability 
as  a function  of  terrain  trafficability . This  was  done  by  using  the 
mobility  profiles  developed  by  the  Army  Mobility  Model.  However,  in 
keeping  with  our  consideration  of  tactical  movements  the  speed  shown  in 
Figures  17  through  22,  are  actual  speeds  which  indicate  how  fast  the 
vehicle  can  go  in  a specific  percentile  terrain,  rather  than  the  average 
speed  over  all  the  terrain  up  to  that  point.  Table  11  shows  the  actual 
speeds  for  the  50  and  90  percentile  terrains  and  the  total  percentage 
of  each  area  that  is  no-go.  Table  12  provides  breakdown  of  factors 
causing  vehicle  no-go’s.  Table  13  provides  a breakdown  of  the  factors 
limiting  vehicle  speeds  as  considered  in  the  Army  Mobility  Model. 

As  shown  in  Table  11,  all  the  IFV  concepts  have  actual  speed 
capabilities  significantly  greater  than  both  the  M113A1  and  M60A1  MBT. 
Among  the  IFV  concepts  employing  the  XM1  powertrain  and  suspension  (IFV) 

#2  through  IFV  #6)  IFV  *5  shows  slightly  faster  speeds  in  the  West  Germany 
terrain  and  all  concepts  show  equal  predicted  actual  speed  performance 
in  the  Jordan  terrain.  In  comparison  to  the  XM1 , only  the  IFV  concept 
#5  is  predicted  to  have  a speed  advantage  and  this  only  occurs  in  the 
West  Germany  terrain. 

For  no-go  conditions  in  the  West  Germany  Terrain,  shown  in 
Table  12,  available  traction  is  the  predominate  factor  in  causing  no- 
go's  for  the  IFV  concepts  employing  XM1  components.  All  other  vehicles 
have  no-go's  due  to  obstacles  and  in  some  cases  also  available  traction. 

Predicted  performance  for  the  Jordan  terrain  indicates  equal 
performance  for  all  IFV  concepts  except  IFV  #1  (XM723  with  XM1  suspen- 
sion). This  1 to  2 mph  speed  advantage  probably  reflects  the  slightly 
better  braking  capability  of  IFV  #1  which  is  used  to  its  advantage  in 
the  obstacle  spacings  found  in  the  Jordan  terrain.  Only  the  M113A1  and 
M60A1  have  no-go  areas  and  these  are  caused  by  obstacles. 

Comparison  of  the  predictions  made  for  IFV  #1  and  IFV  #1A  in 
both  terrain  areas  indicate  that  use  of  an  XM1  type  suspension  yields 
approximately  a 2 mph  actual  speed  improvement  for  the  fifty  percentile 
terrain.  It  also  reduces  the  percent  no-go's  caused  in  West  Germany 


Figure  19  Vehicle  Performance  in  West  Germany, 


Performance 


Table  11  Predicted  Vehicle  Mobility:  Actual  Speeds 


Table  12  Areal  Occurrence  of  Vehicle  No-Go' 
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terrain  and  increases  the  ninety  percentile  speeds  for  both  areas 
because  the  XM1  type  suspension  allows  impact  with  obstacles  at  higher 
speeds  than  those  allowed  with  the  current  XM723  (IFV  #1A)  suspension. 

V.  CONCLUSIONS 

In  conclusion,  of  the  new  IFV  concepts  (IFV  #2  through  #6) 
evaluated  all  have  predicted  mobility  performance  equivalent  to  that 
predicted  for  the  XM1.  Because  of  its  low  weight  and  high  horsepower 
IFV  #5  has  the  best  performance  of  all  the  IFV  concepts.  In  the  West 
Germany  terrain  the  predominant  factor  controlling  speed,  see  Table  13, 
is  the  traction  available  to  overcome  the  resisting  forces  caused  by 
soil  and  slope.  In  Jordan  the  predominant  factor  controlling  vehicle 
speed  is  its  acceleration  and  braking  performance  as  controlled  by  the 
spacing  of  obstacles  found  in  the  area. 

In  comparison  to  the  M113A1  and  M60A1 , all  IFV  concepts, 
including  the  existing  XM723  (IFV  #1A) , offer  superior  mobility.  From 
an  armor/infantry  team  standpoint,  the  IFV  concepts  all  appear  compatible 
with  the  XM1  in  overall  mobility.  However,  in  rough  terrain  conditions, 
the  poorer  ride  characteristics  of  IFV  #1A  may  have  an  adverse  effect 
on  the  infantry  squad  if  this  vehicle  attempts  to  match  the  pace  of  the 
XM1 . Use  of  the  M113A1  with  the  XM1  or  any  concept  IFV  with  the  M60A1 
would  seem  to  indicate  the  need  for  different  tactics  and  command/ 
control  procedures  if  the  full  potential  of  the  faster  vehicles  is  to 
be  realized. 


REFERENCES 


1.  XM723E1,  XM723E2  Cross-Country  Mobility  of  ED-2  with  Improved 
Suspension  Damping  and  Increased  Front  Ground  Clearance,  J.  G.  Holt, 

31  October  1977,  FMC  Corp.,  Ordnance  Engineering  Division.  Technical 
Report  3214.  , 

2.  The  AMC  71  Mobility  Model,  The  Staffs  of  the  US  Army  Engineer 
Waterways  Experiment  Station  and  the  Surface  Mobility  Laboratory,  US 
Army  Tank-Automotive  Command,  July  1973,  TACOM  Technical  Report  No. 

1178®  (LL143) . 

3.  Vehicle/Road  Compatibility  Analysis  and  Modification  Systems  (VRCAMS), 
V.  C.  Barber,  N.  R.  Murphy,  US  Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS,  December  1973.  WES  Report  S-73-13. 

4.  Engineering  Design  Handbook,  Automotive  Series,  Automotive  Suspen- 
sions, AMC  Pamphlet,  AMC  706-356,  April  1967. 

5.  MICV  System  Specification  No.  at  -SS-1004-000,  dated  20  November 
1972. 

6.  Loading  Instructions,  USAF  Series,  C141A  Aircraft,  T.O.  IC-141A-9, 

US  Air  Force,  31  May  1968. 


APPENDIX  A:  Army  Mobility  Model  Input  Data 


The  following  listing  contains  the  vehicle  characteristic  data 
used  to  define  the  IFV  concepts  considered  in  this  evaluation.  These 
data  were  developed  from  drawings  provided  by  TARADCOM  and  from  XM1  and 
MICV,  XM723  data  developed  by  AMSAA  for  previous  evaluation  efforts. 

The  vehicle  gross  weight  values  associated  with  each  concept  were 
provided  by  the  IFV  TASK  FORCE.  In  applying  the  XM1  power  train 
characteristics  to  the  IFV  concepts  no  attempt  was  made  to  re-gear  the 
vehicle  to  obtain  a vehicle  top  speed  similar  to  the  existing  XM723  IFV. 
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Listing  of  Vehicle  Characteristics  Data  for  IFV  Concepts 


Listing  of  Vehicle  Characteristics  Data  for  1FV  Concepts 


Vehicle  Maximus  Tractive  Force  vs.  Speed,  Data  Ites  *40 


Vehicle  Ride  Limited  Speed  (6  Watts  Av.  Vertical  Absorbed  Power) 
vs.  Speed,  Data  Item  #41 
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DISTRIBUTION  LIST 


Commander 

Defense  Documentation  Center 
ATTN : TCA 
Cameron  Station 
Alexandria,  VA  22314\ 


Commander 

US  Army  Materiel  Development  and  Readiness/fcommand 
ATTN:  DRCDE-F 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 


Commander 
US  Army  Materiel 
ATTN:  DRCBSI-L 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 


Development 


Commander 
US  Army  Materiel  Development 
ATTN : DRCPA-S 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 


Readiness  Command 


Commander 

US  Army  Waterways  Experiment  Station 
ATTN:  WESFM 

39180  / 

j 

US  Army  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-SL 


Vicksburg,  MS 


Director 


ATAA-T 


i 


White  Sands  Missile  Range, 


IFV  Task  Force 
Room  112 

ATTN:  MAJ  R.  Barkman 
1300  Wilson  Boulevard 
Arlington,  VA  22180 


Command 


IFV  PMO 

US  Army  Tank -Automotive  Research  and  Development  Command 
ATTN:  Mr.  Bernie  Baumgartner 
Warren,  MI  48090 
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DISTRIBUTION  LIST  (continued) 


Copies 


Commander  2 

US  Army  Tank-Automotive  Research  and  Development  Command 
ATTN:  DRDTA-UL  (Tech  Lib) 

DRDTA-V 

Warren,  MI  48090 

BATTELLE  2 

Tank-Automotive  Advanced  Concepts  Laboratory 
Warren,  MI  48090 

Chief  2 

Defense  Logistics  Studies  Information  Exchange 

US  Army  Logistics  Management  Center 

ATTN:  DRXMC-D 

Fort  Lee,  VA  23801 

Commander  X 

US  Army  Concepts  Analysis  Agency 
8120  Woodmont  Avenue 
Bethesda,  MD  20014 

Aberdeen  Proving  Ground 

Cdr,  USATECOM 
ATTN : DRSTE 

DRSTE-CS-A 
Bldg  314 

Ch,  Tech  Lib,  Bldg  305 
Dir,  BRL,  Bldg  328 
Dir,  HEL,  Bldg  520 
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